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Introduction
A previous agreement [1] identified some simulation particulars for evaluation of link level performance benefit. In this contribution we discuss some transparent enhancement techniques applied to some of those identified waveforms.
Discussion
‘Transparent’ variants
Transparent techniques were identified in [1] as:
Transparent scheme in Rel-18 CE means that it doesn’t impact on RAN1 specifications so that network has no knowledge on how UEs reduce MPR by spectrum shaping, but network needs to be aware if UE is using this scheme or not, i.e., it’s configured with the UE by network while UE is allowed to use preferred shaping as far as corresponding requirements are met if the feature is configured with the UE.
This agreement is relevant for any enhancements that may cause the UE to not meet all existing RAN4 requirements, and therefore need special conditions where they can be exploited. The ‘special conditions’ clause is necessary typically due to need for receiver awareness. These types of enhancements are better classified as ‘semi-transparent’. 
Observation 1: The agreed definition of transparent UL power enhancement schemes in WF R4-2217745  is not truly transparent because the receiver must be aware of their use.
There is a second category of enhancements that are truly transparent, i.e the  receiver does not need to be aware that the UE is using it, and the UE meets all existing RAN4 requirements despite the enhancements. These are discussed further in section 2.3.
Observation 2: Some transparent UL power enhancement schemes can be implemented without the UE jeopardizing compliance with existing RF emissions and Tx signal quality requirements. These schemes do not need explicit enabling by the network.
It would be fair to ask what would prevent such a UE from deploying these enhancements today? Here we need to classify the candidate waveforms into two categories, ones that have MPR and ones that do not have MPR.
Enhancements to the former category (non-zero MPR waveforms) need more study to understand the coverage benefit, relative to alternative scheduler algorithms that preserve 0 dB MPR waveforms for coverage limited cases. There may also be limited urgency for this category, because MPR itself is optional for a UE to exploit. 
Consequently, we have focused on waveforms that already are expected to transmit with no back off from the nominal power-class value. Enhancement to this category (0 MPR waveforms) is however precluded by virtue of the PCMAX,H upper limit to configured Tx power, and dismantling this limitation has a spec. impact [2]. 
Waveform variants studied
In a coverage limited scenario, we expect that the network grants the UE its best shot at increasing its reach, i.e. it is scheduled with 0 dB waveforms. We chose 1, 2, 4 and 8 RB inner waveforms for DFT-s-QPSK as representative cases for a coverage limited scenario:
	Waveform type
	Enhancement scheme
	Truly transparent?

	DFT-s-QPSK
	 None, used as control
	Yes

	DFT-s-QPSK with FDSS
	FDSS implemented using time domain filter with impulse response [0.28 1.00 0.28]
	No, special considerations may be necessary due to relaxed spectrum flatness

	DFT-s-QPSK with hard clipping
	Peaks are trimmed to reduce PAPR
	Yes 



Inner waveforms are already expected to be transmitted with no back-off (0 MPR), so the only enhancement is how to improve further (i.e. power boost capability). Some if not all inner waveforms are sufficiently sheltered from SEM and spurious emissions requirements which in turn allows exclusive focus on EVM and IBE compliance.
Finally, a comment on DFT-s-BPSK: This waveform was extensively studied in a Rel-17 SI. The associated TR [TR38.868] concludes that a power boost of between 1 and 2 dB is possible, relative to the nominal power class expectation. 
Observation 3: TR38.868 has already concluded that pi/2 BPSK with FDSS can transmit at a power boost level between 1 and 2 dB, relative to the nominal power class expectation.
 Some simulation results
Figure 2.3-1 summarizes the simulation results for the select inner waveforms identified in the previous section. The model PA has been normalized to PC2 level by ensuring that it needs exactly 1 dB of back off for a worst-case allocation for ACLR compliance (31 dB). Also included is 25 dBc of image that manifests as ‘floors’ for the EVM and IBE margins. This characteristic is not important for the main observations.
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Description automatically generated]The results are plotted as margins against each impairment limit, i.e. how many more dB of impairment the PA can afford to create relative to the standards limit. For IBE, this is reported for the RB where the IBE approaches closest to the IBE mask.
The results show that IBE considerations are the gating factor that limits output power. (dotted curves). Furthermore, even the legacy QPSK (baseline) can be transmitted from a PA at ~ 1dB higher than the MPR0 level. Further optimizations like clipping or FDSS may be necessary to improve practical aspects like PA durability, etc., but it highlights that some UE are being held back from transmitting more power than their power class expectations.
Observation 4: in FR1, at least some subset of inner waveforms for DFT-s-QPSK can transmit at a power boost level of ~ 1 dB, relative to the nominal power class expectation.
As a general note, other considerations apply also, like availability of excess gain in line up, power handling capabilities of intermediate stages, etc. These other considerations vary from band to band and across UE implementations. In spec. terms, this could translate into a band-specific ability to boost power.
Observation 5: A UE’s ability to power boost past the nominal power class expectation may vary from band to band.

Conclusions

Observation 1: The agreed definition of transparent UL power enhancement schemes in WF R4-2217745 is not truly transparent because the receiver must be aware of their use.
Observation 2: Some transparent UL power enhancement schemes can be implemented without the UE jeopardizing compliance with existing RF emissions and Tx signal quality requirements. These schemes do not need explicit enabling by the network.
Observation 3: TR38.868 has already concluded that pi/2 BPSK with FDSS can transmit at a power boost level between 1 and 2 dB, relative to the nominal power class expectation.
Observation 4: in FR1, at least some subset of inner waveforms for DFT-s-QPSK can transmit at a power boost level of ~ 1 dB, relative to the nominal power class expectation.
Observation 5: A UE’s ability to power boost past the nominal power class expectation may vary from band to band.
Reference
[1] 	R4-2217745, ‘WF on enhancements to reduce MPR/PAR’, Nokia, RAN4#104-Bis-e, Oct. 2022
[2]	R4-2218044, ‘Spec. impact of UL power enhancement from transparent techniques’, Qualcomm, RAN4#105, Toulouse, FR, Nov. 2022

1

3

image1.png
DFT-s-QPSK, Inner 8 RB, FR1 PC2

EVM margin (baseline) \\\
-IBE margin (baseline) \
EVM margin (clipped) i
BE margin (clipped)
EVM margin (FDSS) \
- IBE margin (FDSS) W
i
)
16 20 22 24 2 28

output power (dBm)

30




